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DESCRIPTIO?J  OF  TIE  SNIAC  GONTERTEE  CODE 


ABSTRACT 

This  -  report  is  intended  as  a  working  nannal  for  personriel  pre¬ 
paring  problens  for  the  ENL\C.  It  shouia  also  ser\i'e  as  a  guide  to 
those  groups  v;ho  have  corputing  problens  that  could  be  solved  on  the 
EHIAC. 

The  report  discusses  the  ENIAC  frori  the  point  of  view  of  the 
coder,  describing  its  nenoiy  as  well  as  tiie  code  itself*  The  yli 
inst iUic tions  which  mko  up  the  Converter  Code  are  discussed  in  com¬ 
plete  detail  describing  what  the  instruction  accoralishos  as  well  as 
how  to  use  each  instruction.  A  fe'w  remarks  arc  made  on  the  more 
general  subject  of  problem  preparation  for  large  scale  computers 
in  generaJ.  based  on  the  experience  of  operating  the  ElflAC* 
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SECTION  I  i':Tr;:D:;cTi. 


The  ENIAC-the  Electronic  Iii?:;er ic.il  Lcte^jrator  and  Cofiputer-was  the 
first  iii^h  speed,  electronic,  generis  I  ourpose,  digital  corrrputiiig 
nachiiie.  It  was  designed  and  carstructed  at  ti:e  Moore  School  of 
Electrical  Engineering  of  the  University  of  Pennsylvania  by  Dr.  John 
V,  Mauchly,  .’‘{r.  J.  Prosper  Eckert,  Jr.,  and  their  capable  staff,  for 
the  Ballistic  Pnsearch  Laboratories  at  the  Aberdeea  Proving  Ground, 
Ilaryland. 

The  EK'IAC  vras  coipple^.d  in  February  19^6  1’.  Philadelphia  and 
noved  to  the  Ballistic  liesearch  Laboratories  in  19U7  where  it  has 
been  in  continual  operation  since  h'oveinber  of  that  year.  It  is  operated 
2h  hours  per  day  for  a  period  begiojiing  0600  Honday  through  2!i00  Friday, 

At  present  thp  ENIAC  is  controlled  by  a  code  which  incorporates  a 
specially  designed  -init  Jenewn  as  the  Converter  as  a  basic  part  of  its 
operation;  hence  the  name,  "ENIAC  Convertor  Code",  These  code  digits 
are  brought  into  the  nachine  either  ti'U'ough  the  Reader  from  standard 
IBM  cards  or  from  the  Function  Tables,  two  digits  at  a  tioie.  The  Con¬ 
verter  converts  these  digits  to  a  sequence  of  operations  such  that  the 
specified  ENIAC  instruction  described  in  this  report  is  carried  out. 

The  details  of  how  the  nachii^e  carries  out  these  instructions  are 
described  in  reference  h. 

The  ENIAC  has  an  IBM  Reader  (type  797),  as  an  input  device,  and  a 
Punch  (an  ISM  punch  typo  516),  whj.ch  serves  as  an  output, p’orichang  on 
cards  the  nu.mbers  computed  by  the  ra chine.  Available  for  the  pro¬ 
cessing  of  tix:  cards  are  the  folloviijig  pieces  of  IBM  equipfr^ntr 
1)  Key  Punch  (type  031),  2)  Sorter  (type  075),  3)  Tabulator  (type 
al6,  !i)  Peproducer  (type  513)}  und  5)  Interpreter  (type  552). 

The  ENIAC  has  been  nade  available  to  a  large  number  of  government 
agencies  as  well  as  private  organizations  with  government  contracts, 
Anvong  these  outside  agencies  have  been  the  following:  1)  The  Atomic 
Ener.gy  Commissira,  2)  United  Aircraft  Corporation,  3)  Cornell  A.ero- 
nautical  Laboratory,  Inc.,  Ij)  Uaiversity  of  California,  and  5)  The 
Institute  for  Advanced  Study.  Approval  for  the  use  of  the  machine  must 
be  obtained  throvigh  the  Department  of  tre  Army,  Office  of  the  Chief  of 
Ordnance,  Washington,  D.  C,,  ATTN:  ORDTB  Ballistic  Section,  Usually 
it  is  advisable  to  confer  with  the  staff  of  Computing  laboratory,  BPJ., 
Aberdeen  Proving  Ground,  Xd.,  before  submitting  a  request  in  order  that 
an  estimate  can  be  made  of  the  amount  of  machine  time  required  to 
complete  the  problem.  At  present  a  transfer  of  funds  is  required  at 
the  rate  of  S35  per  hour  of  machine  tine  or  5.800  for  a  full  2Ji  hour 
day.  The  coding  of  the  problem  will  be  performed  by  the  ENIAC  Branch, 

It  is  always  advisable  for  the  sponsor  to  bring  a  clearly  written 
state-ient  of  the  problem  to  Aberdeen  when  coming  to  discuss  possible 
ENIAC  solution.  The  Computing  Laboratory  laas  a  number  of  other 
machines  available  for  use  by  outside  groups,  lie  'erence  3  gives  an 
introduction  to  the  capabilities  of  these  other  machines  in  comparison 
to  the  ENIAC, 
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SECTIC];  II  z.r  siisols 

The  following  symbols  ars  asei  ia  explaining  the  EiJlAC  Converter  Code, 


a^b^Cjd^e^T ,,,, 

sin, pie  dceina.l  limits  (2  such  letters  placed  side 
by  side  in  alphabev.ical  sequence  such  as  ab  represent 
a  tv;o  digit  nia'ber,  etc.) 

£X.)PjY.i6,  ••• 

reprasanu  1^  2,  3,  li,  or  6  digit  numbers  (used 
when  single  digit  r-.presentation  is  not  necessary) 

the  signed  10  digit  numbers  in  the  10  fields  of  the 
Constant  Transmitter 

AB 

the  A  (left)  and  3  (right)  sides  of  the  function 
tables  (control  panels) 

U,V,W=X,Y,Z 

signed  ID  di.-it  numoers  as  normally  stored  in  the 
accumulators 

1  >,  2  j , , ,  <  20 

designation  of  the  20  ENIAC  accumulators  frequently 
followed  by  parentheses  to  denote  decades  of  the 
accumulator  involved,  such  as  IS  (3,  2,  1)  to  denote 
the  three  right-most  places  of  accumulator  iS,  An 

11  in  the  parenthesis  is  used  to  denote  the  PM, 

6  (11,  ID,  9) 

f 

^2 

6  (6,  7) 

'3 

6  (6,  5,  U) 

6 

a 

6  (3,  2,  1) 

3 

a 

S  (3.  2;  1) 

Aco 

accvimulator  (high  speed  machine  register) 

A7  or  1  1 

absolute  value 

AT 

add  time  (200  irdcroseconds  at  100  KC  operation) 

r'T' 

O  J. 

conditional  transfer 

01 

clear 

D 

delay 

DS 

drop  sign 

FT 

function  table 
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FTC 

FTN 

H 

L 

e 

M 

IIP 

NaD 

P 

Pr 

Rd 

SC 

La 

Ra 

T 


function  t:;bie  corisLant 

function  number  (frequently  called  numerics) 

halt 

listen  istorup^e  instruction) 
minus 

master  prograriumer 

next  "a”  digits  (a  •  2,  h,  6) 

plus 

print  (actually  order  to  “punch”  certain  numbers 
in  an  IBM  card) 

read 

selective  clear 
shift  left  ”a”  places 
shift  right  ”a”  places 
talk  (add  instruction) 


SECTIOV  III  DESCRIPTION  OF  THE  ENIAC  MEMORY 

The  ENIAC  has  essentially  three  types  of  memory;  1)  fixed,  2) 
intermediate,  and  3)  electronic, 

1)  The  fixed  (switch  set  or  plug  wire  controlled  memory)  consists 
of  four  function  tables  containing  a  total  of  hOO  lines  and  2  lines 
(or  fields)  of  the  constant  transmitter  designated  JK,  These  lines  are 
normally  fixed  throughout  the  operation  of  a  problem,  but  can  be  changed 
between  runs  if  necessary.  The  f'linction  table  lines  each  contain  12 
fiigits  and  2  algebraic  signs  arranged  so  that  each  side  (designated  A  or 
B)  contains  a  signed  6  digit  number.  The  JK  switches  of  the  constant 
transmitter  consist  of  2  lines  of  10  digits  each  with  attached  signs. 

Each  of  the  four  function  tables  contain  100  lines.  Table  I  con¬ 
tains  J;  lines  of  switch  set  memory  and  96  lines  controlled  by  2  triple- 
panel  and  h  single  panel  IBM  plugboards.  These  96  lines  may  be  easily 
changed  by  simply  inserting  new  pl\igboard3.  The  remaining  3  tables 
contain  ten  position  switches  which  are  set  manually.  Each  of  the 
control  panels  may  be  iisconjiected  from  the  machine  and  man^ually  set 
without  interf erring  with  the  operation  of  the  ENIAC  if  the  current 
program  does  not  require  the  use  of  this  fvuoction  table. 
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These  lijO  fixed  lines  can  le  nsed  lo 
forrintion  or  cole  dibits,  ;n:;a  line 

must  start  at  the  beninnin,'T  o:"’  the  line, 
nur^rical  infor.-^tion,  the  di,-;its  are  p2 
she  electronic  memor/  in  the  r.ost  cenveni 


ciort  aith-'r  numerical  in¬ 
is  used  for  code  dir^^its,  coding 
If  the  line  is  used  to  hold 
acei  30  as  to  be  brought  into 
c-nt  form. 


The  El’IAC  addresses  which  are  used  to-  c 
of  programming  are  shown  in  t,;:c  table  below; 


11  out  the  in licated  lines 


Figure  I 


F,T, 

E'ilAC 

Address 

F,T.  Line 

I 

1 

ab 

ab 

II 

2 

ab 

ab 

III 

3 

ab 

ab 

IV 

h 

ab 

ab 

where  OO^ab-99 


Addresses  000-037  are  used  to  designate  the  eight  fields  of  the  IBM 
card  in  the  constant  transmitter.  Instrucbio.un  may  be  -taken  from  the 
constant  transmitter  at  any  time  by  merely  sending  the  proper  address  to 
6a.  'When  the  last  instruction  of  field  H  has  been  completed,  the  machine 
will  automatically  read  the  next  card  in  the  header  and  perform  the  first 


instruction  in  field  A  of 
000 , 


the  nevr  card  by  changing  the  address  in  Pa  to 


4 

2)  The  ir'.terme'liate  or  relay  memcry  consists  of  eight  of  the  con¬ 
tact  transmitter  groups  derjignated  A  through  Each  group  contains  a 
signed  10  digit  number.  This  portion  of  the  ~em.org/  is  fed  by  IBM  cards 
either  prepared  in  ad/ar-;ce  using  standard  IBM.  equipment  or  pi'oduced  b;/- 
"r.he  El'lAC  as  a  result  of  earlier  comp-utations.  As  s ';on  as  the  Vil-;':;3 
havu  seen  read  into  the  constant  transmitter  froii  the  IBM  card,  the 
quantities  are  available  to  the  arithmetic  uiiits  of  the  E.llAC  in  the 
sane  tiro  as  ti’.e  numboi's  in  the  accumulators.  Th.e  control  of  the  L’.'IAC 
from  phe  n-^nstant  transmitter  has  alreafJy  iMen  discussed  in  the  previous 
paragraph. 

3)  The  electronic  or  internal  memory  consists  of  200  decimal  digits 
cr  20  accumulators  each  capable  of  storing  a  signed  10  digit  niurribar.  By 
careful  coding  it  is  possible  to  store  two  5  digit  numbers,  or  an  eight 
digit  nUimbor  and  a  2  digit  address,  or  otiier  similar  combinations.  Only 
registers  6^,  6^,  13,  and  1$  are  tr-ue  accumiulators,  accumulating  sums  on 

reception.  All  other  so  called  accumulators  have  the  property  of  clear¬ 
ing  -what  they  liave  in  storage  before  receiving  a  ne'w  quantity. 


V.dth  the  p.resent  code,  only  the  fo] lowing  13  accumulators  can  be 
used  without  storage  restrictio.ns:  1,  2,  3,  U,  5,  9,  10,  lli,  16,  17, 
18,  19,  20.  These  serve  as  high  speed  storage  registers. 
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The  speci'i]  ized  uses  of  liie  rornair;ij,'t>  7  accumulators  are  discussed 
briefly  in  the  next  pai agrarhs.  Further  clarification  can  be  obtained 
by  referrLn^^  to  the  speo.lfic  in.; traction:;  described  in  Section  VI  of 
this  report. 


6  is  the  control  center  of  the  code's  operation.  It  is  used  in  ii 
parts  as  follows  ? 


6  (11,  10,  9) 


6^  IS  used  a  s.-inied  2  digit  accumulator* 


6  (8,  7) 


;  6^  is  used  as  a  2  digit  accumlator. 


6  (6>  !i)  s  6^  is  used  to  hold  the  new  address  to  be  used  following 

the  positive  branch  of  a  conditional  transfer  (discrim¬ 
ination). 


6  (3j  2,  D )  -6  holds  the  current  adoress,  i.e.,  the  designation  of 

the  line  of  the  function  table  or  the  field  of  the 
cor.stant  transmitter  from  which  the  coda  digits  are 
being  taken. 


7  is  used  as  the  denominator  in  each  di-'/ision.  Otherwise  it  nay 
be  used  for  unrestricted  storage. 

8  (ll-li)  may  be  used  for  storage,  but  the  right  3  decades,  8  «  8 

(3,  2,  1),  ai'e  used  as  the  FTK  .and  FTC  addresses.  This  address  auto¬ 
matically  advances  by  1  at  the  completion  of  each  F*TN  or  FTC  instruc^tion. 

11  is  seldom  available  for  even  temporary  storage.  It  is  used  to 
hold  the  multiplier  for  multiplication,  to  receive  the  B  side  of  the 
function  table  in  rTN  instructions,  and  to  receive  the  left  hand  field  of 
the  constant  transmitter  on  those  iiistructions. 


12  receives  the  rrsltipllcand  from  1^  during  multiplicaticn  and  the 
remainder  following  a  div'i.$io;i  or  a  square  root.  During  shift  primes, 
it  receives  the  part  of  the  number  that  is  shifted  o.ff  scale  in  l5. 

In  each  of -thesu  cases,  it  clears  before  reception., 

13  adds  into  the  product  following  a  multiplication.  It  nruso  be 
clear  for  many  of -the  instructions  and  shoxild  not  ordinarily  be  "se.d  for 
.storage.  The  "bad"  effects  of  not  biaving  13  clear  in  the  various  in¬ 
structions  that  "require"  it  to  be  clear  may  occasionally  prove  useful, 
Iji  exact  statement  of  what  happens  to  the  number  in  13  during  each  of 
these  special  instructions  is  described  in  Section  VI.  In  general, 
however,  13  should  be  clear  for  all  instructions,  except  Rd,  Constant 
Transmitter,  FTK,  FTC,  Listens,  Cl,  SC,  Pr,  Talks,  Delays,  and  Halts. 

1$  is  the  arithmetic  center  of  the  code's  operation  and  cannot  be 
considered  as  a  storage  accumulator. 

Figure  2  siimmarizes  the  interrelation  between  the  various  EFIAC 
memory  components. 
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SECTION  IV.  LISr:;:G  OF  ENIAC  INSTRUCTIONS 


1  ^ 

50 

oO 

70 

80 

90 

1  ^ 

i 

i 

1 

AB 

IJ. 

13 

l5 

D 

1  p.33 

r-  T  < 

p.21 

p.21 

p.21 

p.33 

1  01 

11 

21 

31 

•U-'l 

51 

61 

71 

81 

91 

1  ^ 

IIL 

IT 

IIT 

CD 

L2 

Lh 

S.C. 

1  P.17 

p.17 

p.23 

p.23 

p.2U 

p.15 

p.21 

p.21 

p.19 

i 

12 

32 

h2 

52 

62 

72 

82 

92 

1 

12L 

R1 

R3 

r5 

12T 

N2D 

A.V. 

1  P.17 

p.17 

Po23 

p.21 

p.21 

p.21 

p.23 

p.l6 

p.27 

p.l8 

1 

13 

23 

33 

53 

63 

73 

83  ' 

n 

1 

3L 

1 

13L 

3T 

13T 

Rh 

• 

NhD 

N3D6 

A 

'  p.17 

p.l3 

p.23 

p.2li 

p.21 

p.21 

?.25 

p.l6 

p.28 

WeM 

1  Oh 

lU 

3h 

hh 

51i 

6h 

7h 

8h 

?h 

1  IiL 

II4L 

li;T 

Rd 

EF 

r 

N6D 

n6d6 

i 

1  P.17 

P.17 

HB 

p.23 

p.li; 

P.l5 

Pe26 

p.l6 

p.28 

p.31 

1 

B 

25 

35 

U5 

55 

65 

75 

85 

95 

5L 

1 

5T 

H 

GH 

N3D8 

di 

.  P-17 

p.l3 

p.23 

p.33 

p.20 

P.i5 

p.32 

p.31 

06 

1 

■1 

36 

hS 

56 

66 

76 

86 

96 

6l 

1 

16t 

D.S. 

JK 

L'l 

L'3 

L'5 

cdi 

p.18 

P.17 

fBBSt 

p.23 

p.27 

P.l5 

p.22 

p.22 

p.22 

p.32 

'  07 

17 

27 

37 

U7 

57 

67 

77 

n 

97 

*  7L 

17L 

7T 

17T 

X 

L'2 

FTC 

13 

p.l? 

p.23 

p.23 

p.l6 

p.2U 

p.22 

11^^91 

p.17 

'  03 

15 

28 

38 

US 

58 

68 

78 

88 

98 

'  6L 

ISl 

8T 

R'l 

R*3 

R’5 

18T 

6R3 

1  p.l7 

P»i7 

p.23 

p.22 

p.22 

p.22 

p.23 

p.29 

*  09 

19 

29 

39 

h9 

59 

69 

79 

89 

99 

'  5L 

19L 

9T 

19T 

R-2 

R'U 

C.T. 

S 

N3r)6^ 

D 

*  P.17 

?.17 

p.23 

p.23 

p.22 

p.22 

p.30 

p.29 

p.30 

p.33 

'  10 

20 

30 

ho 

lOL 

20L 

lOT 

20T 

IP^I?^ 

p.17 

p.23 

p.23 

1 


II. 
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Intentionally  left  blank. 
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H.iiAG  I:JSTRGCTI0N5» 


A*  Stora.^e  Instruct, onr 

1  ■=  Read  (Ru) 

2  >-  Constant  Iranscit-ter  (A3,  CD.  G!I,  JK) 

3  -  text  Di3its  (R2D.*  NcD,  litD) 

Function  Table  Cumber  (Fr':) 

5  -  Fxiiiction  Table  Constant.  (FTC) 

6  ->  a  Listen  (oL) 

7-6  Listen  (6L) 

3  -  13  Listen  ( 13L) 

9  15  Clear  (Ci) 

10  6^  Listen  and  Talk  (6^) 

11  -  6 2  Listen  and  Talk  (6^) 

12  -  Selective  Clear  (SC) 

13  ”  Print  (Pr) 

Bo  Shift  a.nd  Sl.iit  Priirie  Instructions 

1  -  R  (l~5),  L  (1-5) 

2  -  (1-5)  or  L  (S-5).  L-  (1-5)  or  R  (9-5) 

Co  Aruth;r.etic  Instructions 

1  ■-  Add  or  Talf.  --.r  cl) 

2  -  i'.ii'.us  V  "  or  :•:) 

3  ‘  liultiply  (X) 

\ 

h  -  Divide  (;) 

5  "  Square  Root  (V  ) 

6  -  Absolute  Value  (AV) 

7  ->  Drop  Sign  (DS) 

*The  3a..Te  logical  listing  is  follc'.-.-': d  in  Section  VI, 

13 


D.  Control  Instructions 

1  -  IJext  3  ii-Cits  to  6a  (N3D6a) 

2  -  Next  6  digits  to  6  (n6d6) 

3  -  Right  3  digits  of  13"  to  6a  (6R3) 
U  -  ilight  3  digits  cl'  It  to  6,  (6^) 

5  -  Next  3  digits  to  6_  (NiPS.) 

6  -  Conditional  Transfer  (CT) 

7  -  i  Coijjit  Conditional  Transfer  (i) 

8  -  Direct  Input  to  *'fP  Stepper  (>di) 


9  -  Clear  Direct  Input  to  i-^P  Stepper  (cdi) 

10  -  FT  Address  (N3DSa) 

11  -  Delays  (D) 

12  -  fialts  (N) 


SECTION  VI.  DESCnlPTIO::  Or  THD  CO  TIRTDR  CCDS* 


A.  Storage  Instruct-icns 


These  instructions  are  isad  to  got  numbers  into  the  Tachine, 
to  transfer  nur.bars  fror-  one  part  to  another,,  anl  to  place 
nurobcrs  con.^utod  tie  •nachane  oi<  Ii5h  cards. 

Contents  of  Affected  Accs, 

iC  .ion  Description  Acc.  Before  After  A.T, 


ad 


.-.ea' 


a)  Takes  tre  ei  -At  ID-iagit  signed 
nur.’oers  fro  .  the  next  staivlard 
GO  colu;'ia  IBD  cari  in  the  Header 
and  places  tnnse  r.unbers  in  the 
relays  of  the  interne  Uate 
storage  unit  k'no'.;,  as  the  Constant 
Transritter, 


1500 


*  The  code  is  described  as  used  during  195l«  Certain  minor  modifications  are 
contemplated,  i,e.  changing  certain  of  the  code  digits  and  also  reducing 
ti;e  number  of  AT  required  to  complete  nearly  all  of  the  instructions  by 
shortening  the  basic  sequence. 


Contents  of  Affected  Accs. 

Instruction  Description  Acc.  Before  After  A.T. 

b)  These  input  C'^r  is  either 

been  prepared  \v'  the  IE”  key 
punch  and  reproducer  ranj  punch 
or  by  the  EulAC  itself,  Ir.  tne 
latter  case  tiicr  contain 
results  of  pre’-tLous  lihlAC  r-'uns 
(possibly  sorts- d)  and  are  read 
back  into  the  rrachine  for  f’or- 
ther  computation. 

2.  Constant  Transmitter 


AB 

50 

a) 

Clears  11. 

11 

X 

A 

6 

b) 

The  number  in  the  Constant 
Transmitter  field  designated 

15 

I 

Y 

a 

CD 

51 

by  the  first  letter  of  the  code 

11 

X 

C 

6 

symbol  goes  to  11  and  that 
number  designated  by  the  second 

15 

Y 

Y  T) 

EF 

5h 

letter  to  15  adding  to  any 

11 

X 

E 

6 

quantity  alread^r  thex*e. 

15 

T 

Y 

F 

GH 

55 

11 

X 

G 

6 

15 

Y 

Y 

H 

c) 

The  numbers  in  the  Constant 

JK 

56 

Transmitter  relays  are  changed 

11 

X 

J 

6 

only  by  the  reading  of  a  new 

15 

T 

T  + 

K 

card, 

d)  negative  numbers  are  placed  on 
IBi-I  cards  b/  placing  x  punches 
in  the  first  and  sixth  colujnns 
of  the  field  and  listing  the 
digits  diroctly.  However  the 
SNIAC  style  muricer  (lO's  conole- 
nient)  is  set  on  Jli.  The  PI' 
switches  are  set  to  M  (2  switches 
for  J  and  2  for  K), 


15 


lifd  'ti  i»' 


Contents  of  Affected  Accs. 


Instruction  Jescrintion 


Acc,  Before  /J’ter 


3.  Bext  Dirrits 

. . ■■■■I  'f 

M2D  72ab  a)  Sen  is  next  2,  h,  or  6  lif^lts  from  15 

the  FT  to  15. 


X  +  ab 


73abed  b)  These  dirits  add  to  15  at  the 
ri~ht  hand  side  to  15  (2,1), 

15  (u-l),  and  15  (6-1)  respect- 
N6D  71iabcdef  ivel/» 


X  +  abed 


X  X  +  abedef 


c)  Occupies  2,  3,  or  U  order  po-  ] 

sitions  respec tivel/. 

d)  13  arast  bo  clear.  If  13  is  not 
clear  its  nunoer  vdll  jo  subtracted 
fron  the  nu.abor  in  15.  (18-13“^16)'«- 


FTN  hi 


Ii.  Function  Table  Manber 
a )  Clears  11, 


11(11-5)  a 


b)  F.T.  trans.-.its  12  digits  and  2  11(  ),-l)  8 

signs  fror.  ti'.e  F.T.  line  sceci-  15(11-5)  y 

fied  by  the  adiross  in  3a.  l5(  'i-1)  <i> 

c)  11(11-5)  roceivos  tl.e  sign  and  3(  3-1)  X 

6  digits  (p)  from  the  b  side 

and  15(11-5 >  recoivos  tno  sign 
and  6  digits  (5)  fron  t)-!'  A 
side  of  the  r'.T.  If  15  already 


holds  a  nu.'ler,  6  is  added  to 

15(11-5)  and  15(’:-1}  is  left 

'  1  •*  ^  /  It  p  '"P  “•* 


X  +  1 


d)  The  address  in  Ca  is  auto/aat- 
Jcally  a’'.'anced,  'i,j  1. 

g)  The  EdIAC  :u..:b-r  is  glace  !  on 
the  F.T.j  in  other  words,  nega¬ 
tive  nunovrs  are  stored,  as  d 
v.itn  the  Id's  conglenent. 

(see  order  o.;  rT  A  ’  Voss  on  page  32) 

•iJ-  li.is  is  a  peculi.arit/  of  the  wav'  in  vrich  uhie  nichino  is  pr-^; 

Occasional!,/  it  :ia,'  :e  'isoiul,  (h.ef.'ror.cc  si) 
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Contents  of  Affected  Accs 


Inst-ruction  Description 


Acc.  Before  ;lfter  A.T, 


FTC  97 


$ .  Fu.nct ion  Tabic  tant 

a)  Function  taile  line  desittnated  X  X  T  13 

in  8a  sends  the  first  sr-grod 

10  digits  (I)  to  15  adding  to 
any  nunber  already  there, 

b)  The  address  in  3a  ic  autoirat- 
icall.,'  advanced  by  1, 

c)  Zeros  .nay  be  set  on  the  two 
right  nost  digit  switches  of 
the  F.T.  line. 


d)  For  negative  nurdbers  the  10 's 
corqjle.nent  should  be  set  and  the 
left  PM  switch  set  to  II.  For 
exarq^le  -  123^987390  is  set  as 
M.  87*65h32110ab  c.  The  last  two 
digits  and  the  PM  may  be  set  to 
anything  without  affecting  the 
way  the  instruction  is  perforriei. 
normally  they  are  set  to  00  P, 


6. 

Acc.  0  Listen  (a  /  6,  13,  lo) 

IL 

01 

a) 

Clears  0  (0  /  6,  13,  or  1$) 

15 

2L 

02 

3L 

03 

b) 

a  receives  the  number  from 

a 

hL 

OI4 

15. 

5L 

05 

7L 

07 

c) 

19  clears  after  transmission. 

8L 

08 

9L 

09 

d) 

6L  and  13L  are  described  separ¬ 

lOL 

10 

ately  below,  since  scmeinat 

IIL 

11 

special  coniitions  apply  in  each 

12L 

12 

case. 

U4L 

II4 

16L 

16 

17L 

17 

18  L 

18 

19L  19 
20L  20 


X 

T 


0 

X 


r 

o 
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Contents  of  Affected  Accs 


Instruction 

6l  06 


13L  13 


CL  15 


6^  92 


Description  Acc.  Before  After  A.T. 

?•  Acc»  6  Li  5  con 

a)  This  instruction  is  oica  as  6  I  X  9 

the  a  listen  Cusccibod  ab'^vo; 

the  right  3  digits  of  15  beocnne  15  X  0 

the  new  address. 

b)  The  order  folloving  6L  will  be 
the  first  order  of  tne  line  now 
specified  in  6a  (fomerly  15 

(3,S,1)) 

c)  This  order  thus  serves  2  purposes: 

(1)  places  nunbers  in  6  (ll-U) 

(2)  serves  as  an  'unconditional 
transfer  where  tne  new  address 
may  be  computed  by  the  machine 
or  brought  in  tiirough  the  con¬ 
stant  transmitter. 

8.  Acc.  13  Listen 

a)  13  receives  the  n-omber  from.  15 
without  first  clearing. 

b)  15  clears  after  transmission. 

9«  Acc.  15  clears 

a)  Clears  15. 

b)  To  clear  any  ■\cc.ii 

(1)  clear  15. 

(2)  Give  the  appropriate  listen 
order. 

10 .  6^  Listeii  and  Talk 

a)  The  number  in  15  (11^2,1)  adds  to  6^  c 
the  niumber  in  6,  and  the  sum  rces 

to  both  6^  and  15  (11,2,1).  6(8-1)  p 

b)  To  clear  6^  without  disturbing  15(11-3)  y 

the  remainder  of  6  we  must  use 
the  following  scq-aence  of  orders:  y 

CL,  6^,  M,  6^*  This  seq’acnce 

also  clears  15»  15(11>2,1)  6 


a  +  6  1.0 

P 

0  (a+e^O) 

9' 3  (a+6<0) 
a  +  6 


13  r  X  +  Y  6 
15  X  0 

15  X  0  6 
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Contents  of  Affected  Accs 


Instruction  Description 

Acc* 

Before 

After  A*T* 

c)  13  rrust  be  cleai^*  If  it  is 

not  clear  its  number  will 
add  to  the  ni.imber  in  1 

(H-13->-l) 

13 

0 

0 

d)  The  6^  and  62  instr'j.ctions  are 

combinations  of  the  listens  des¬ 
cribed  in  this  section  and  the 
talk  instructions  described  on 
page  23. 

6^  93  11«  62  Listen  and  Talk 

a)  The  number  in  1$  (2,1)  is 
added  to  the  number  in  62 

and  the  sum  goes  to  both 
62  and  1$  (2,1). 

b)  This  order  may  be  used 

only  vhen  2  digi.ts  are 
brought  directly  into 
l9(2,l).  This  2  digit 
number  is  made  minus 
before  the  order  is  used 
if  we  wish  to  subtract 
from  a  quantity  already 
contained  in  6^,  62  can 

never  be  made  to  store  a 
negative  number* 

c)  13  must  be  cleau*.  If  it  is  not 
clear,  its  number  will  add  to  the 
number  in  1  (l'fl3-^l) 

d)  If  any  number  exists  in  15(U,3) 
it  will  be  added  to  6- ,  since 
we  have  carry  over  between  62 
and  6^,  Thus  we  may  control 

two  induction  variables  stored 
in  6^  and  62  with  this  one 

instmetion. 

12.  Selective  Clear 

S.C  91  a)  Clears  all  accumulators  (a)  a  I  08 

except  6^. 


6^  a  a  10 

62  P  P  ♦  a 

6(6-1)  Y  Y 

15(11-3)  poooooooo  0 
M99999999  0 
1$  (2-1)  6  ^  f  6 

13  0  0 
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Contents  of  Affected  Accs. 

Instruction  i^escription  Acc.  Before  After  A.T, 

b)  A  manually  controlled  switch  is 
available  on  each  accTIr^iulator  to 
prevent  its  clearin'  if  desired 
for  a  particular 

13 •  Print 

Pr  kB  a)  Planches  on  the  next  IBM  card  1,2,15-20  X 

in  the  Printer  the  contents 
of  1,  2,  15,  16,  17,  18,  19, 

20. 

b)  If  any  of  these  Aces,  contain 
numbers  that  are  unimportant, 
it  is  not  necessary  to  list 
these  fields  when  tabulating  or 
the  print  switches  for  that 
field  nay  be  turned  off  on  the 
machine. 

c)  These  accumulators  do  not  clear 
when  printing. 

d)  The  print  time  varies  depending 
on  the  rate  of  printing,  taping 
3000  AT  on  successive  prints. 

The  normal  print  followed  by 
2000  or  more  AT  of  computing 
"equires  about  1000  AT's.  An 
interlock  automatically  con¬ 
trols  the  timing, 

B,  Shift  and  Shift  Prime  Instructions 

These  instructions  are  used'  (a)  to  line  up  the  numbers  so 
that  as  many  significant  digits  as  required  can  saved,  (b)  to  keep 
decimal  points  set  correctly  for  arithmetical  operation,  and  (c)  to 
separate  10  digit  numbers  into  appropriate  parts. 

Shift  instructions  can  be  interpreted  in  at  least  two 
different  ways.  First  the  decimal  point  can  be  regarded  as  being  fixed 
so  that  the  accumulator  contains  a  number  less  than  1,  multiplied  by  an 
appropriate  power  of  10.  In  this  case,  the  shift  instructions  can  be 
interpreted  as  nultipl^"irg  the  number  by  a  power  of  10  according  to 
Figure  3. 


X  1000- 
3000 
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R1 

10'-" 

L»5 

lO"'' 

T  1 

.  w  X 

10^ 

r‘5 

10^ 

R2 

io‘‘ 

L’U 

10"'’ 

L? 

V? 

nh 

10^ 

R3 

10“' 

L'3 

J.0  ' 

J.3 

10^ 

1 

R  3 

10^ 

Ri* 

].c~^ 

L‘2 

ic-« 

Vi 

10^ 

R»2 

ip8 

R5 

10“^ 

L'l 

L5 

10^ 

R»1 

10^ 

Figure  3. 


Secondly,  if  the  decimal  point  is  not  regarded  as  fixed, 
but  having  any  position  you  wish  to  give  it  without  usi^  powers  of  10 
(except  in  the  case  where  negative  powers  are  necessary)  the  shift 
instruction  ray  be  regarded  as  a  physical  movement  of  the  number  to 
the  right  or  left  carrying  the  decimal  point  with  it* 

In  the  shifts  the  digits  shifted  out  of  are  lost. 

In  the  shift  primes  these  digits  are  saved  and  are  stored  in  12, 

Contents  of  Affected  Accs, 

Instruction  Description  Acc,  Before  After  A.T, 

1,  Shifts 


R1 

32 

a)  Sh'-fts  the  digits  in  1$  to 

15 

♦abcdcfghij 

Oabcdefghi 

R2 

U3 

the  right  or  left  the  num¬ 

15 

n 

OOabcdefgh 

R3 

k2 

ber  of  places  indicated  by 

15 

It 

OOOabcdefg 

Bh 

53 

the  order  symbol. 

15 

n 

OOOOabcdef 

R5 

52 

15 

n 

OOOOOabcde 

Ll 

6o 

b)  V<hen  negative  numbers  are 

15 

N 

bcdefghiJO 

L2 

72 

shifted  n  places  to  the 

15 

H 

cdefghijCO 

h3 

?o 

right  9’s  appear  in  the 

15 

n 

defghijOOO 

Vi 

81 

left  n  places  of  i5*(0ee 

15 

If 

efghijOOOO 

L5 

80 

also  (g)  under  shift 

15 

n 

fghij 00000 

primes).  In  all  other 

cases  the  decades  vacated 

13 

0 

0 

by  numbers  as  a  result  of 
the  shift  are  replaced  by 
zeros  as  indicated  on  the 
right. 

c)  Shifts  do  not  affect  the 
sign. 


Contents  of  Affected  Accs, 

Instruction  Description  Acc»  Before  After  A,T, 

d)  13  jr.^ust  be  clear.  If  it  is 
not  clear  its  rrunber  will  be 
subtracted  froT.  tJ-.e  number 
in  lU.  (lli-13-^lu) 


2,  Shift  Primes 


H'1(L9)  38 

a) 

Shifts  the  r.-amber  in 

15 

15 

+abcdefghij 

jOOOOOOOOO  12 

R'2(L3)  h9 

the  number  of  places 

to 

n  -* 
XL. 

X 

Oabcdef  ghi 

the  right  or  left  as 

in- 

n  r-- 

♦abcdefghij 

ijoooooboo 

R«3(L7)  U8 

dicated  in  the  order 

12 

X 

OOabcdefgh 

symbol  and  oiacea  it 

in 

■♦■abcdefghii 

hijOOOOOOO 

12. 

12 

I 

OQOabcdefg 

b) 

Takes  the  original 

R'li(L6)  59 

number  in  Acc,  15, 

ii.  ^ 

xo 

+abcdefghij 

ghijOOOOOO 

shifts  it  10  rdn’is  the 

12 

i 

OOOQabcdef 

R'5(L5)  58 

number  of  places  in¬ 

15 

♦abcdef chij 

fghijOOOOO 

dicated  in  tne  order 

12 

X 

COOOOabcde 

symbol  in  the  opposite 
direction  ana  places  it 
in  1^. 


L‘i(R9) 

66 

c) 

The  original  number  in 

12  will  be  lost. 

15 

12 

abcdefahij 

X  ' 

000000000a 

bedefghijO 

L>2(R8) 

77 

d)  Ke  thus  split  our  10 
digit  numbers  in  any 
manner  we  like. 

'  c 

12 

abcdef ghij 

X  ' 

OOOOOOOOab 

cdefghijOO 

L’?(R?) 

*  V 

76 

e) 

The  sign  of  the  numh^er 
stored  in  15  before  this 
instruction  is  given  is 

15 

12 

ab'cdefghij 

V 

A. 

COOOOOOabc 
defghi jOOO 

L'U(R6) 

37 

preserved  with  the  num¬ 
bers  that  result  from 
this  order  in  12  and  15. 

r 

12 

abode f ghi j 

X 

OOOOOOabcd 
ef ghi J 0000 

D*5(R5) 

86 

f) 

The  symb'ol  in  parenthe¬ 
sis  indicates  the  shaft 
of  6  to  5  places  that  is 
accomplished  in  15, 

15 

12 

a  be  def  ^rhi  j 

X 

OOOOOabcde 
fg hi j 00000 

22 


Ccatcnts  of  Affected  Accs 


Ir-struction  Description  Acc*  Before  After  A.T, 

g)  Note  that  M9...9  which  Is  13  0  0 

the  complement  represen" 

tation  of  0,..01  is  ta*- 
changed  by  a  shift  to  ti  e 
right;  in  other  words ,  a 
right  shift  of  a  nei/ativc 
^  number  introduces  ar,  error 

of  +1  in  the  least  si;;nifi- 
cant  place, 

h)  13  must  be  clear.  If  it  is 
not  clear  its  number  will  be 
subtracted  from  the  number 
in  Ih  (Ili-13->1U) 

Notes An  L  0(6l)  instruction  is  available  for  saving  the  sign, 

C,  Arithmetic  Instructions 


These  insti*uctions  are  used  to  carry  out  the  ordinary 
arithmetical  operations.  Often  shift  instr'uctions  are  necessary  to 
properly  place  decimal  points  and  storage  instructions  to  correctly 
position  numbers. 


Contents  of  Affected  Accs, 


Instruction  Description 


Acc,  Before  After  A,T, 


IT 

21 

2T 

22 

3T 

23 

liT 

2U 

5T 

23 

6? 

26 

7T 

27 

3T 

2S 

9T 

29 

lOT 

30 

IIT 

31 

i2T 

62 

liiT 

3U 

16T 

36 

17T 

37 

13T 

69 

19T 

39 

20T 

iiO 

Acc,  a  Talk  (a  /  13) 

The  number  in  Acc,  a  (a  4  13) 
is  added  to  the  number  in  1$ 
and  the  sum  is  held  In  13*. 


a 

13 


I  I 

Y 
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O^C^O^O^C^O^OvO^C^>0-~J  CJnO>0'C7'C^>00' 


Contents  of  Affected  Accs 


Instruction  Description 
13T  33  2.  ACC.  13  Talk 


1)  The  number  in  13  i3  addec  to  the 
nvKber  in  15  and  Uie  su-ti  renains 
in  15. 

2)  13  clears  after  trarisnission 
unlike  the  previous  talk  instruc¬ 
tions. 


Acc.  Before  After  A.T. 
13  X  0  6 

15  T  I  ♦  I 


Note:  See  also  6^  and  6^^  Listen  and  Talk  on  pages  15  and  19. 


3.  Subtract  or  Minus 

M  Ul  a)  Changes  the  sign  and  forms  the 

10  >s  cor.plement  of  the  n'UTiber  in 

15  thus  replacing  the  ENTAG 

representation  of  the  original 
roanber  by  the  ElilAC  representation 
of  the  negative. 


IS 

-X 

♦X 

8 

15 

■►X 

-X 

15 

+0 

+0 

13 

0 

0 

b)  By  using  the  talk  and  listen  orders 
in  combination  vith  tnis  minus  order, 
subtraction  can  be  carried  out. 


c)  This  order  does  not  affect  the  sign 
of  *0, 


c)  13  rrast  be  clear.  If  13  is  not 

clear  it  will  add  to  the  number  in  1. 

Ii.  Multiplication 

11 
12 

b)  The  multiplicand  goes  from  15  to  12. 


57 


a)  Before  this  order  is  used  the  multi¬ 
plier  must  be  olaced  in  11  and  tb.e 

m’ultiplicand  in  15.  (11X15  +  13“>l5) 


c)  Decimal  points  are  additive;  in  other  13 
words,  if  the  decimal  point  of  the 
multiplier  is  m  places  from  the  left  15 
and  that  of  the  multiplicand  n  places 
from  the  left,  th.en  the  decimal  point 
of  the  product  is  m  n  places  from 
the  left,  m  and  n  are  frequently  ze’'o. 


X  X  20 

Y  W 

Z  0 

w  ya  +  z 


Contents  of  Affected  Aces 


Instruction  Description  Acc.  Before  After  A*T* 

d)  13  if  not  clear  r.ust  contain  a  nuciber 
where  the  cecLnai  point  is  r  n  places 
from  the  left. 

e)  All  sign  combinations  are  handled 
automatically. 

f)  ’(^hen  foming  ac  +  be,  the  form  (a-tb)c 
should  be  used  to  koep  ro'und-off  error 
at  a  minim  am. 


g)  Multiplication  gives  a  rounded  10  place 
product  by  automatically  adding  a  5  to 
what  would  be  the  11th  pla.ee  and  giving 
carry  over  into  the  10th  place  when  the 
11th  olace  is  greater  than  or  equal  to 

5, 

5.  Division; 

X  X 

About 
120» 


T  Remainder 
Z  Z/I 

0  0 

the  left,  n  and  d  are  frequently 
zero. 

d)  The  t our  combinations  of  signs  are 
handled  auto.matically. 

e)  The  design  of  the  divider  unit 
requires  that  there  always  be* a 
zero  in  decade  10  of  Acc,  7. 

f)  A  basic  requirement  is  that 

IZKlo'^"^'*'^  IXI  or  if  n“d  (in  par¬ 
ticular  n-d^o)  then  IZl  <1001X1* 


V  63  a)  Before  this  order  is  used  the  7 

denominator  must  be  placed  in  7 
and  the  numberator  in  15- 

b)  The  quotient  1^/7  goes  to  15. 

c)  If  the  decimal  point  of  the  nura-  12 

erator  is  n  places  from  the  left 

and  that  of  the  denominator  d  from  15 
the  left,  the  deciral  point  of  the 
quotient  is  n  -  d  +  2  olace s  from  13 


*  Depending  on  the  size  of  the  numbers  involved. 
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Contents  of  Affected  Aces 


Instruction  Description 


Acc,  Before  After  A.T. 


g)  Division  should  be  r  iplnced  by 
multiplication  vnenaver  possible 
since  division  is  a  much  Icnyer 
operation  than  r.ulbl.plication< 

h)  13  must  be  clesir.  If  is  not 
clear  its  nunber  vrall  add  to  the 
number  in  U, 

i)  V/hen  forr.ing  f—,  the  order  of 

operations  should  be  (a/c)*(b) 
to  lessen  ro'and-off  error. 


6«  Square  Root 


6U 

\r 


a)  The  n'unber  whose  square  root  is  to 
be  extracted  is  placed  in  prior 
to  giving  tnis  order. 


b)  Tills  number  must  be  less  tiian 

2500000000. 


c)  If  the  decLmal  point  of  the 

radicand  (Y)  is  at  the  far  left, 
the  decimal  point  of  the  square 
root  is  at  the  far  left. 


d)  If  the  decimal  point  of  the  rad¬ 
icand  is  2d  places  from  the  left, 
the  decimal  point  of  the  root 

( V  '  is  d  places  from  the  left, 

e)  Because  of  round  off_  the  EMIAC 
gets  OOCOOOCOlO  as  t:ie  square 
root  of  OGOCOOCK>fO. 


f)  If  t.oe  number  in  15  is  negative 
tnrougn  EI.’IAC  error  or  inadequate 
progra'uming^  the  machine  will 
treat  it  as  zero, 

g)  13  must  be  clear.  If  13  is  not 

clear  its  nu.mber  wall  add  to  the 
number  in  ?,  (7-*-13”>7) 


12 

15 

13 


I 

I 


Remainder  About 
120 

ff 


0  0 


^Depending  on  tne  size  of  the  numbers  involved 
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Contents  of  Affected  Aces 


Instruction  Description 


Acc.  Before  After  A.T* 


7c  Absolute  Value 


32 

a) 

Takes  the  absolute  value  of  the 
number  in  1“?. 

15 

♦I 

X 

9 

fc) 

13  must  be  clear.  If  the  number 
is  negative  and  13  is  not  clear 

15 

-X 

X 

11 

it  will  add  to  the  niemter  in  1 
(l*13mJ‘l) 

13 

0 

0 

8. 

Drop  Sign 

h6 

a) 

Dr 005  the  sign  of  the  number  in 

1C 

• 

15 

♦I 

♦I 

7 

b) 

Only  the  PM  decade  is  affected, 

A  positive  number  is  left  un¬ 

15 

-X 

10" 

-I 

changed,  but  a  negative  number 
is  replaced  by  the  absolute 

13 

0 

0 

value  of  the  10 's  complement. 

'■) 

This  order  is  used  (1)  to  insure 

the  sign  of  a  niunber,  (2)  for  the 
storage  of  2  numbers  in  one  Acc.,^t 
and  (3)  as  a, special  device  for 
computing  10’  -X,  where  the 
decimal  point  of  X  is  d  places 
from  the  left.  The  sequence  of 
orders  to  acconrolish  this  is  +X 
to  15^  M5  DcS.  It  is  obvious 
That  this  Sequence  witj.  net  work 
if  X  ^  0. 

d)  13  must  be  clear.  If  13  is  not 
clear  its  number  will  add  to  the 
rrumber  in  11,  (11t13->11) 


D.  Control  Instructions 


The  control  instructions  enable  the  coder  to  transfer  the  control 
of  the  EhlAC  from  one  address  to  another  either  directly  (unconditional 
transfer)  or  after  investigating  the  sign  of  a  number  (conditional  transfer). 
The  Conditional  Transfer  gives  the  ETIIAC  its  power  for  automatic  operation, 
since  most  corp-utations  involve  more  or  less  simple  inductions  which  in  turn 
depend  upon  decisions  based  on  the  sign  of  a  member.  This  instruction  enables 


*  More  frequently,  constants  .are  added  to  numbers  stored  in  partial  aces.  in 
order  to  ensure  their  being  positive.  The  constant  can  be  subtracted  at  the 
time  the  n'Limcer  is  used, 


the  El'IlAC  to  perform  iterative  processes,  srcn  as  step>rise  integrations  and 
successive  approximations.  The  i  count  C.T.  prcnddes  a  special  type  of  con¬ 
ditional  transfer  to  handle  a  fixed  jiumber  of  .^.terations# 

Contents  of  Affected  Accs. 


Instruction  Description 

Acc, 

Before  After 

A.T. 

1. 

Next  3  digits  to  6a 

N3D6a  83 

a) 

Transfers  control,  to  the  lir.e  of 

6(11-U) 

a  a 

21 

Oa 

codin.g  specified  in  the  second. 

6a 

def  abc 

be 

third  and  fo'urth  digits  foUcfW- 

ing  the  83. 

b) 

The  first  digit  should  be  0. 

13 

0  0 

c) 

6a  is  cleared  and  address  abc 
is  sent  to  6a, 

d) 

In  case  tirds  first  digit  is  not 
zero,  It  is  added  into  6(h)  and 
will  alter  the  alternate  address 
stored  in  6^. 

e) 

A  N3D6a  0008  serves  as  an  'one  on - 
ditional  transfer  to  the  first 
instruction  on  the  next  card  in 
the  Reader. 

n 

13  must  be  clear.  If  13  is  not 
clear  its  number  will  be  subtracted 
from  18.  (16-13-^15) 

2. 

Next  6  digits  to  6 

]J6d6  8U 

a) 

6(6-1)  is  cleared  and  abedef  is 
sent  to  6(6-1). 

6(11-7) 

a  a 

27 

ab 

cd 

b) 

Transfers  control  of  the  machine 
to  the  first  instruction  of  the 
line  specified  by  dei. 

s 

6a 

p  abc 

y  def 

ef 

c) 

The  +  CT  address  abc  is  sent  to  6^ 

♦ 

d) 

13  must  be  clear.  If  13  is  not 
clear  its  number  will  be  sub- 

13 

0  0 

tractei  from  18.  (16-13-^18) 
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Contents  of  Affected  Aces 


Instruction  Description  Acc.  Before  After  A.T* 

3.  Right  3  digits  of  1$  t:-  Sx 

6r3  78  a)  Clears  6a.  6(11-U)  a  a  13 

b)  15(3,2,1)  transmits  ciaar  to  6a, 

*  c)  Any  other  digits  in  l5(ll”U)  are  6a  p  6 

lost  in  the  process  and  Ip  is 

clear  at  the  completion  of  the  l5(ll“ii)  y  ^ 

order, 

d.)  6R3  is  used  as  an  linconditional  l5(  3“1)  6  0 

transfer  when  the  address  is  com¬ 
puted  or  read  from  the  card.  In 
each  case  the  address  is  brought 

into  15(3-1).  13  0  0 

e)  Serves  as  a  special  case  of  6L 
which  does  not  destroy  6^,6^,  or  6^, 

f)  13  must  be  clear.  If  13  is  not 
clear  it  is  subtracted  from  10 
(10-13->10) . 

Note:  !i3D6a,  K6D6,  and  6R3  comprise  the  unconditional  transfer  instructions 
and  must  eacn  be  the  final  order  of  the  line  that  is  used  since  con¬ 
trol  of  the  machine  is  inmediatel:/  transferred  to  another  line,  6L  is 
prinai’ily  a  storage  instruction  but  also  serves  as  an  unconditional 
transfer,  (page  18) 

Contents  of  Affected  Aces. 

Instruction  Description  Acc.  Before  After  A.T. 

U.  Right  3  digits  of  15  to  6^ 

6^  79  a)  Clears  6^.  6(11-7)  a  a  13 

b)  15(3,2,1)  transmits  clear  to  6y  6^  p  Y  ' 

c)  Any  other  digits  in  15(11-1;)  are  6a  G  6  * 

lost  and  15  is  clear  at  the  com¬ 
pletion  of  the  instniction.  l5(ll-U)  9  0 

d)  13  must  be  clear.  If  13  is  not  15(  3-1)  y  ® 

clear,  its  number  will  be  sub- 

_ tracted  from  20.  (20-13*^20)  13  0  0 

♦Unless  the  instruction  has  carried  over  to  the  next  line  of  coding  in 
which  case  the  address  will  have  increased  by  1* 

29 


Contents  of  Affected  Aces 


Instruction  Description 


Acc.  Before  After 


6(11-7) 

6a 

13 


a 

P 

Y 

0 


I 

a 

P 

Y 

P 

Y 

0 


a 

abc 

Y 

0 


5 •  Next  3  digits  to  6^ 

H3D6^  89  a)  Clears  6y 

aD  b)  Sends  the  next  3  digits  fron  the 
F.T.  to  6^. 

cO  c)  6^  and  iJ3D6^  are  both  nsefiai 

instructions  for  properly  placing 
the  +CT  address  in  6^, 

d)  13  nust  be  clear.  If  13  is  not 
clear,  its  nur.ber  will  be  sub¬ 
tracted  fron  2C.  ( 20-13 -»20) 

6.  Conditional  Transfer 
C.T.  69  a)  Exa’aines  the  sign  of  the  mr:;ber 
in  15 . 

b)  If  the  sign  is  ranus  continues 
with  the  next  instruction, 

c)  If  the  sign  is  plus  (zero  is  plus) 
transfers  6^  to  6a  and  continues 

with  the  first  instruction  of  the 
line  now  specified  by  6a, 

d)  15  is  cleared, 

e)  This  order  is  frequently  used  in 
conjunction  with  the  rc.note  var¬ 
iable  connection  in  which  a 
seq'aence  is  required  a  nur.ber  of 
tines  at  various  points  during 

a  problerr;.  The  address  to  wnich 
we  want  to  return  is  placed  in 
6^  before  entering  the  sequence, 

A  C.T.  on  a  cleared  15  at  the 
end  of  the  sequence  will  ret’um 
control  to  the  required  address. 

These  renote  variable  connection 
addresses  nay  be  stored  in  other 
memoiy  positions  of  the  2^.TAC, 
brought  into  15  and  then  trans¬ 
ferred  to  6a  by  neans  of  a  6R3« 

^Unless  the  instruction  haT" carried  ""over  to  one  next  line  of  coding  in 
case  the  address  will  have  increased  by  1, 
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0 

a 

P 

Y 

0 

P 

0 


A.T* 

26 

« 


7 

lU 


which 


Contents  of  Affected  Accs 


Instruction  Description  Acc.  Before  After  A.T. 

f)  13  nust  be  clear*  If  13  is  not 
clear,  its  number  will  bo  sub¬ 
tracted  from  10  (1C~13*>10)  on 
the  positive  branch* 

7.  i  Count  Conditional  Transfer 


7 


lU 


d)  The  address  of  the  first  line  of 
the  sequence  must  be  placed  in 
6^  during  the  sequence. 

e)  After  we  complete  one  count  we 
are  prepared  to  do  the  next 
count  in  cyclic  order. 

f)  33  must  be  clear.  If  13  is  not 
clear,  its  number  will  be  sub¬ 
tracted  from  10  (10“13“^10)  on 
the  positive  branch,  i.e.  each 
time  before  the  count  is  reached* 

Input  to  IIP  Stepper 

di  95  a)  If  on  occasion  it  is  desired  to 

skip  one  of  the  pre-set  counts,  6 

the  "di”  instruction  is  given* 


\ 


^4  a)  This  instruction  enables  the  code: 

to  perform  in  succession  a  series 
of  not  more  than  three  distinct 
iterative  processes  where  the  in¬ 
duction  variable  co’unts  are  pre¬ 
set  on  the  switches  of  the  Master 
Progrrmmer  unit  (reference  1) . 

b)  i  serves  essentially  as  a  C*T* 
returning  control  to  the  first 
order  of  the  sequence  each  time 
until  the  count  is  reached, 

c)  When  the  co^ont  is  reached  con¬ 
trol  continues  with  the  next 
order. 


6(11-7) 
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Contents  of  Affected  Accs. 

Instruction  Description  Acc.  Before  After  A.T* 

b)  For  example,  support  our  pre¬ 
set  induction  counts  are 
and  15 •  After  completing  T,ho 
first  count  v/e  are  aucomaticaxly 
set  to  do  the  second  uheri  Lhe 
^  next  i  is  given.  If  however,  ve 

now  give  a  di  order,  we  will  then 
skip  the  10  count  and  prepare  the 
machine  to  handle  the  15  count. 

Clear  Direct  Input  to  MP  Stepper 

cdi  96  a)  The  cdi  instruction  returns  the  6 

count  to  the  first  count  set  on 
tne  IIP. 

b)  The  cdi  is  useful  when  v/e  are 

only  using  the  one  count,  or  when 
we  wish  to  be  certain  the  first 
count  is  set  on  the  M.P.  control. 

IIOTE:  Instnictions  7,  8,  and  9  have  proven  particularly  useful  in  test¬ 
ing  procedures  on  the  EIIAC  as  well  as  for  fixed  induction 
variables.  Instructions  8  and  9  arc  at  present  not  used  on  the 
machine,  but  may  be  easily  added  when  required* 

Contents  of  Affected  Accs. 

Acc*  Before  After  A»T* 


8(11-1)  a  a-^a  21 


6a  p  bed 


13  0  0 

d)  a  is  usually  0* 

e)  In  the  case  whore  this  address 

is  computed  within  the  problem  or 
brought  into  the  machine  tiirough 
the  constant  transmitter  an  8L 
order  may  be  used,  care  being 
taken  to  preserve  8(11-U)  if 
necessary* 


Instruction  Description 
10,  FT  Address 
:.‘3D3  75  a)  Clears  6a, 


b)  a,b,c,  and  d  are  added  to 

ab  0  (ip,  3, 2,1). 

c)  liiis  instruction  is  used  to 

cd  introduce  a  uev:  FT  address  to  8. 
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Contents  of  Affected  Accs 


Instruction  Description  Acc.  Before  After  A*T. 

f)  This  instruction  is  required  to 
set  the  initial  addi’ess  for  the 
FTif  or  FTC  instruction. 

g)  13  must  be  clear.  If  I3  is  not 
clear,  its  number  will  be  S'ub-” 
tracted  from  18.  (i8~13'^l8). 


D 


11,  Delays 

90  a)  Does  nothing  but  go  to  next  instruction. 


6 


99  b)  Used  following  a  C.T.,  when  first  order 
desired  must  be  at  the  beginiiing  of  a 
new  line. 


H 


12.  Halts 

CX)  a)  Halts  the  machine. 

35  b)  Useful  in  testing  the  problem  on  the 
machine  or  in  coding  checks  on  size 
of  numbers, 

c)  A  read  order  will  servee  as  a  halt 
when  there  are  no  more  cards  in  the 
reader, 

d)  pjiy  2  digit  number  not  used  for  a 
particular  instruction  will  scop 
the  machine. 


SECTIC:.’  VII.  PREPAHATIOU  OF  PROBLSiS  FOR  TiS  EJIAC 


The  preparation  of  problems  for  a  large  scale  digital  computer 
has  been  thoroughly  discussed  in  references  2,  3,  and  7;  however, 
in  order  to  s’urvey  the  procedui'es  reejuired  in  the  preparation  of  a 
problem  for  the  Lit  LAC  ,  the  following  required  steps  can  be  stated: 

1,  The  physical  problem  must  first  of  all  be  reduced  to  a 
form  suitable  for  machine  computation;  i.e.,  it  must  be  expressed 
in  the  form  of  effoations  that  can  be  handled  numerically  such  as 
algebraic,  ordina,ry  differential,  partial  differential,  or  integral 
equations.  In  other  words  the  problem  must  be  stated  in  precise 
mathematical  form. 
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2*  A  numerical  procedure  I2  t  len  adopted  -iduLcn  preferabl^r  is  known 
or  can  be  snown  to  coni'erce  tc  ud.e  desired  sel'.iion.  Depending  on  the 
type  of  problem,  this  may  or  net  be  difiicr.lt. 


3.  The  number  size  of  all  quantitiec  tc  be  handled  by  the  machine 
is  then  detemined.  by  introduoinr  various  scaling  factors  the  numbers 
to  be  considered  are  li'eq’ientiy  recuced  to  tne  open  interval  -1  to  +1* 


li*  A  logical  description  of  the  probien 
up  a  ilow  diagram  of  the  machine's  method  of 
problem.  The  flew  diagram  represents  a  curple 
Ei’IAQ’S  method  for  obtairdng  tiie  solution  ec  t 


is  tnen  outlined  by  setting 
operation  for  the  particular 
to  description  of  the 
he  nroble.m* 

•  * 


5.  The  ne.ct  step  involves  tne  substitution  of  the  machine  language 
for  the  numberical  operations  to  be  performed.  'fThen  this  step  has  been 
conpleted  the  codir.g  has  been  essentially  completed,  hov3^'er,  in  order 
to  insure  efldcient  .machine  usage,  steps  6,  7,  b,  and  9  are  also  re¬ 
quired. 


6.  A  sarnie  problem  or  run  of  the  problem  is  then  completed  using 
a  desk  computing  machine  to  carr;,’'  out  the  high  speed  r.achine  .method. 
Vhen  practical,  tbls  so-called  test  run  should  be  devised  so  as  to 
employ  all  of  the  coding.  The  results  of  this  run  are  then  compared 
with  a  direct  solution  of  the  problem  obtained  'ey  solving  the  original 
equations  by  an  independent  r.ethod.  Good  check  values  are  useful  for 

a  variety  of  cases,  partic'ularl.y  those  involvrlng  extreme  conditions. 

7.  The  coding  is  then  c'necked  'ey  all  personnel  to  be  connected 
with  operating  the  machine  on  th.e  problem.  Experience  with  a  large 
number  of  problems  during  the  past  3  1/2  ^.-'ears  of  the  code's  use  has 
indicated  the  V-pe  of  errors  most  likely  to  be  made.  In  general  the 
coding  is  checked  to  determine  that  the  mnehins  instruction  is  in¬ 
tended  exactly  as  descri'ced  in  this  manual. 

8.  The  input  data-,  including  th.e  input  cards  and  the  maciiine 
setup  siicets,  are  then  prepared, 

9.  At  tbie  time  tr.e  problem  was  first  accepted  for  ’fZTUX  solution 
a  rough  estimate  was  made  of  tne  amount  of  macnine  time  required  to 
complete  the  desired  solutions,  '.'ow  hovev’er  a  .more  exact  estimate 
can  be  made  by  applying  the  figures  for  the  number  of  AT  per  in¬ 
struction  given  in  Section  VI  of  this  report,  Applj'ing  this  figure 
we  determine  the  r/imber  of  AT  in  each  operation  box.  The  number  of 
tim.es  each  box  is  used  in  each  run  is  m.-ultipiied  by  the  number  of 

AT  for  that  box  to  determine  the  number  01  AT  F-"  To  obtain 

the  number  of  .minutes  of  actual  operation  m/ultiply  this  figure  by 
(1/3'' X  10"^  tines  the  nun'oer  of  cases  or  runs  to  be  cofipleted.  In 
case  tile  number  of  times  a  particular  box  is  used  is  not  known 
exactly,  the  range  of  times  can  be  deterrlned  and  an  average 
obtained. 
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The  figure  so  obtaix'ied  vill  r;f.-ed  to  ce  r.csdiiied  tc  obtain  a 
realistic  time  estinate  because  it  is  based  on  an  ass’orrption  oi'  perfect 
continuous  operation  at  lOOKC.  A  figure  about  tvrice  that  obtained  by 
axi  exact  consideration  of  AT  seers  to  be  about  the  best  estinate  of 
how  long  the  probleoi  will  take  to  be  solved  on  the  nachine.  (See 
Reference  b). 

A  large  number  of  problems  naT's  teen  corpieted  on  the  ENIAC  using 
the  CTirrently  used  Converter  Code  (or  earlier,  somewhat  less  efficient 
forms  of  ttiis  code).  This  report  will  not  attempt  to  give  a  description 
of  even  a  single  program  of  nacrdnc  instrjotior.s,  however  it  should 
be  pointed  out  than  an  ever  Lr.pi'oring  catalogue  of  sequences  are  avail¬ 
able  for  reference  in  adapting  new  problams  to  the  K.TAC.  For  instance, 
the  various  trigonometric  and  exponential  functions  can  be  incorporated 
into  new  programs  with  very  little  difficulty. 

Examples  of  many  different  tvpes  of  problems  involving  interpolation, 
integration,  finite  differences,  Monte  Carlo,  data  reductions,  etc.  are 
available  for  reference  as  an  aid  in  preparing  new  problems.  Each  new 
problem,  however,  presents  new  difficulties.  Careful  and  thorough  pre¬ 
paration  of  each  problem  seems  to  be  the  orlLy  answer  to  continuing 
successful  machine  operation. 
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